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. _ collowlng summary represents the essential details of a two-year 

m study on the practical applications and mechanisms of polymer sputtering via 


Argon ion Impact. TWo publications are In preparation and will constitute 
, the final report. 
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ca u There are several motivations for scientific study into the mechanisms 
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of ion beam sputtering. In this work, a primary motivation was the potential 
to modify the properties of polymer surfaces to improve their adherence, 
durability, biocompatibility, or other desirable properties. The results 
benefit those who wish to use ion beam milling as an analytical tool (to 
obtain composition versus depth information) : changes in chemistry and 

topography induced by the ion beam must be separated from the sample character- 
istics. Also, it turns out that ion impact from a directed ion gun source 
sp«*ci f ically et hes polymer structures according to their morphologies, there- 
fore this techii que may be useful to study unknown or new morphological 
features. The questions that we sought to answer were related to: (1) the 

texture that arises on a polymer target after ion impact, (2) the chemistry 


of the top surface after ion impact, (3) the chemistry of sputtered films of 


polymeric material deposited on substrates placed adjacent to targets during 
ion impact, and (4) practical properties of textuied polymer targets, sped'- 
fically the wettability and adhesive bonding properties. Tn general, the 
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results obtained by x~ray photoelectron spectroscopy and scanning electron 
microscopy enabled us to explain the wettability and adhesion properties. 

The materials originally studied were chosen for their potential in 
biomaterials applications. During the second year of work additional polymera 
were chosen for specific morphologies in order to test the hypothetical sput- 
tering mechanisms derived from the first year's work. During the first year» 
three crystalline polyuK'rs - polyethylene, polytetrafluoroethylene, and poly- 
oxymethylene - were textured, as well as two amorphous polymers, polyurethane 
and polydimethyl silcxane. Sputter deposits of several halocarbons also were 
studied. During the second year, crystalline polymers Nylon 66 and Mylar 
(annealed and oriented) were textured. Amorphous polyamide and polyester, 
along with amorpluius polycarbonate, an epoxy network polymer (Epon 828) and 
a liquid crystalline copolyester completed a wide enough range of composition 
and structure to allow important generalizations to be made. 

Most specimens of ion beam-textured targets were prepared at NASA Lewis 

Kesearch Center using ion beam thrusters. Relatively low ion energies 
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( <1)00 eV), current in the range of 0.1 ma/cm , and time periods ranging from 
minutes to hours, were employed. Most of the XPS spectra were obtained on a 
Dupont 650B photoelectron spectrometer. Photomicrographs were obtained in 
an AMR-900 scanning electron microscope. Soma studies were carried out in a 
Perkin Elmer Model SSO ESCA/S^ spectrometer. This instrument allows ion 
beam sputtering to be performed with the sample in place in the high vacuum 
for ESCA analysis. 

The results can be generalized In several ways. First, the specific 
functional group ciiomistry of the polymers appears to have little to do with 
the topography or toxture that develops on the target after sputtering. 
Morphology (crystalline, amorphous or network) is the controlling factor. 
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All cryatallin* polyacr* d«v*Iop«d high a«p«ct ratio cona atructuraa on tha 
aurfaca aftar aputtaring* but nona of tha anorphoua atructuraa producad any 
cona«i at all. In all tha anorphoua polynara» aurfaca dafacta vara aitaa of 
rapid etching, Indapandant of chanical compoffitlon. Tha taxtura that aroaa 
waa an axaggaratad vara ion of tha original aurfaca taxtura. Tha network 
polynar did ahow periodic ragiona of aputtar raslstanca that may corraapond 
to variations in crosslink density. 

Tha second genera I itat ion that can ha made la tiiat new chemistry forma 
in tha first atom layer or two (tha selvedge layer) of tha target after ion 
impact. Tills new surface chemistry hears a close resemblance to the chemistry 
found in the respective sputter deposits. In every case, reduction takes 
place under the ion beam, leaving the composition depleted in the more elec- 
tronegative atoms, such as fluorine or oxygen. Undoubtedly, this new chemistry 
also leads to cross! Inking in the target surface and deposits, independent 
of specific chemical composition. 

Particularly good cases in point were identical in chemistry, i.e.. 

Mylar polyester and Nylon polyamide. In those cases specimens wre prepared 
with varying degrees of crystallinity. After sputtering, the stao and 
number of cone structures v,>trted directly with the degree of crystallinity. 

With the anairphous polymt'rs, original defects in the sample surface »ierc 
preferentially etched. 

Based on those results we have developed the following general model 
of tha procaas that occurs during polymar aputtarlng with Argon ions. In 
the aelvedge layer a plasma is created by the ion impact. In thla region, 
a large percentage of the chemical bonds are broken and reformed. During 
this reorganiaatlon new oxidation states may arlae by naw combinations of 
the same atoms originally present. However, for the electronegative elements 
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(e.g., oxygen and fluorine) conbinatlons chat lead to pairing with a Ilka 
atom are volatile and escape into the vacuum, leaving the surfaces depleted 
of electronegative elements. Since Che selvedge region gives rise to sput- 
tered particles, It Is sensible that Che chemical composition of sputter 
deposits resembles chat of the new chemistry Chat arises in the selvedge 
layer of the target. 

To summarise the basic mechanisms, the microscopic topography that 
develops is determined by two factors: (1) sputter resistant tones that 

consist either of crystallites or regions of high crosslink density and 
(2) the Impact angle between the ion beam and the sample surface. In the 
case of amorphous polymers, the original surface roughness presents varying 
ln^>act angles to the incoming ions, and this results in the original surface 
defects being the site of preferential etching on linear amorphous materials. 
The crosslinked amorphous polymer shows alternating regions with high and low 
etch rates, producing a patchwork of solid and holes. The crystalline polymers 
have small centers of sputter resistance that become the points of the cones 
that arise as regions around the centers of spherulltes are preferentially 
sputtered away. The subsequent effect of decreasing Impact angle produces 
even more rapid sputtering from the region around the center of the crystal- 
lite, giving rise to a sharp cone on the surface. 

In most oases the wettability of sputtered polymer targets does not 
change much from its value before sputtering. This appears due . competing 
effects of increasing surface roughness and chemical reduction. In three 
cases, dramatic changes in wettability were obtained that can be explained 
by chemistry and topography determined by XPS and SEM. The wettability of 
Teflon decreases while that of Delrin and Silastic Increases dramsticslly. 

In the case of Teflon and Delrin, the effects srs esussd by the hlgh-surfsce- 
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«r«« roughMSS cr««t«d by (sputtering. The changes are dominated by the fact 
that non~vattable aurfacaa b<^c,ome even less wet table when roughened (Teflon), 
while a wettable surface bec\'aes even m re wettable when roughened (Delrln). 

In the case of Silastic, the original surface was rich in methyl groups 
conferring low wettability. After sputtering silicon-oxygen linkages dominate 
the top surface, Increasing vrctablllty. 

It appears that the Impi'-'vements obtained In adhesive bonding to Ion 
sputtered polymers may result from crosslinking that oc. ars during the chemical 
reorganisation of the selvedgo layer. Evidence for this is the fact that 
textured Teflon Is less wettal'ie, hut shows Improved bond strength compared 
to an untreated control. Furthermore, XPS examination of the fracture sur- 
faces showed that much more Teflon transfers to the adhesive surface after 
fracture than in the textured f flon case. In spite of the much greater 
surface area of the latter. Tl>is indicates a mechanically stronger surface 
region In the ion beam sputtered Teflon target. 



